The aim of the present study was to determine the dose of Nitrogen and plant spacing of BRSMG Caravera, a modern rice cultivar, in order to maximize grain yield and increase rice production in the state of Minas Gerais, Brazil. The following characteristics were evaluated: grain yield (GY), percentage of filled grains (% F), 100 grains weight (100 GW) and plant height (H). It was used a 4 × 4 factorial design, with four row spacings (20, 30, 40 and 50 cm) and four nitrogen rates (0, 40, 80 and 120 kg ha -1 ) totaling 16 treatments. The phenotypes were analyzed through the Scott-Knott mean test together with an analysis for significant interactions to identify the spacing and the N rates associated with the best trait averages. Differences in plant spacing were associated with significant differences in GY, % F and H, whereas different N rates were associated with significant differences of GY and H. When considering the interaction between plant spacing and N rates, significant differences could be identified for all traits, indicating that these factors should be considered together. The highest grain yield was achieved with spacing of 20 cm and N rate of 120 kg ha -1 . The use of modern cultivars, the adequate spacing and N dose can significantly increase grain yield and competitiveness of upland rice cultivation, in the state of Minas Gerais, Brazil.
Introduction
During the 80's, upland rice accounted for up to 61% the planted area in Brazil and for 50% this type of production in Minas Gerais, Brazil (Minas Gerais, 1995) . However, the low productivity of upland rice associated with water deficiency, low prices and competition with irrigated lowland rice in the south of the country (with better cooking quality) contributed to a drastic reduction in the planted area in Minas Gerais. Thus, Minas Gerais that once was self-sufficient in this cereal, today produces less than 10% of what is consumed in the state and became a major importer of rice from other States, Rio Grande do Sul mainly.
Upland rice production has been conducted in areas with sprinkler irrigation, using center pivot or conventional irrigation system. The main obstacle to growing rice under center pivot is the lack of cultivars adapted to sprinkler irrigation, because the most common cultivars are of high size, vulnerable to lodging, long class grains, have regular cooking quality and low response to high technology, notably to nitrogen fertilization.
In order to solve this problem, modern cultivars suitable to this cultivation system such as Canastra, Charisma, BRSMG Curinga and BRSMG Caravera cultivars were developed and recommended to production in the state of Minas Gerais. These cultivars have low/intermediate-sized, resistance to lodging, tillers, have upright leaves, white type grains and have expressively good response to nitrogen fertilization. According to Sant'Ana (1989) , the spacing for these cultivars can be reduced to that used for traditional dryland crops.
become self-sufficient in the production of this cereal. The aim of this study was to determine the N rate and plant spacing to maximize grain yield in upland rice cultivation irrigated by sprinkling.
Materials and Methods

Study Area Description
The experiments were carried out at the Experimental Farm of the Agricultural Research Company of Minas Gerais (EPAMIG) in Lavras, Minas Gerais, Brazil (21°14′43″ S; 44°59′59″ W) and in Patos de Minas, Minas Gerais, Brazil (18°34′44″ S; 46°31′05″ W), in 2012/2013 and 2013/2014 agricultural years, corresponding to four environments.
Plant Materials
The modern rice cultivar BRSMG Caravera, developed and recommended to production in the state of Minas Gerais was used in this study. The cultivar presents medium height (95 cm), resistance to lodging, semi-early cycle, moderate susceptibility to blast and adaptation in the sprinkler irrigation system.
Experimental Design
The plots contained 5 m long by 2.4 m wide, density of 80 seeds. Cultural practices and weed control were performed according to climate conditions, the cultivation treatments used in the experiments were the same as those recommended for upland rice cultivation in the state.
Characteristics Evaluated
The following phenotypic characteristics were evaluated, according to the Rice Research Methods Manual (EMBRAPA, 1977) : (1) , referring to the plot useful area, calculated after correction for 13% moisture; (2) percentage of filled grain, provided by the proportion of full grains to the total number of grains; (3) 100 grains weight, corresponding to an average of three samples in grams; and (4) plant height, corresponding to the average of five plants per plot measured from the ground level to the end of the panicle of the main stem.
It was analyzed four traits, according to the Rice Research Methods Manual (EMBRAPA, 1977) : (1) grain yield
Statistical Analyzis
Combined analyzis of variance was performed following the experimental design of randomized blocks and considering two models: in the first model row spacing and nitrogen rate were considered as separate sources of variation, differently, in the second model was also included the interaction between row spacing and nitrogen rate. Statistical interactions and Scott-Knott test (1974) were performed to verify which spacings and N rates provided better averages. Analyzis were performed using the statistical R software (R Development Core Team, 2012) .
Results
Significant differences were observed (P < 0.05) among the treatments and the interaction treatment × environments in the joint variance analyzis for all traits. When considering plant spacing and nitrogen rate separately, the spacing variable was significantly associated with yield and plant height whereas the nitrogen rate variable was significantly associated with all the traits apart from 100 grains weight. When considering the interaction between plant spacing and nitrogen rate, significant differences could be detected only for the % of filled grains. Conversely, plant spacing × environment interaction was associated with yield, 100 grains weight and plant height, indicating that different spacings provided differential performances in the averages for these traits in different environments. The interaction between N rate and environment was significantly associated only with yield and 100 grains weight, indicating that responses of these traits were differential in environments according to the N rate. The summary of the analyzes of variance with the main sources of variation for each trait is presented in Table 1 . Note. *** (P < 0.001); ** (P < 0.01); * (P < 0.05); nsnon-significant; SV = Source of variation; DF = Degree of freedom MS = Mean Square; GY = Grain Yield; %F = Percent of filled grains; W100G = 100 grains weight; H = Height; S × R Int. = Spacing × rate interaction; S × E Int. = spacing × environment interaction; R × E Int. = rate × environment interaction; T × E = treatment × environment. Tables 2 and 3 show the average of Scott-Knott test (1974) for traits that were significant in the analyzis of variance for plant spacing, N rate and treatment. Grain yield was superior in small spacings (20 and 30 cm) and in larger N rates (120 and 80 kg ha -1
). When those two factors were analyzed together, it can be observed that treatment 4 obtained the best result for the grain yield trait (Table 3) . Note. Means followed by the same letter do not differ at 5% probability by Scott-Knott test (1974) ; GY = Grain Yield; % F = percentage of filled grains; H = Height. Note. Means followed by the same letter do not differ at 5% probability by Scott-Knott test (1974) ; GY = Grain Yield; % F = percentage of filled grains; W100G = 100 grains weight; H = Height.
Analyzing the breakdown of spacing × environment interaction, it was observed that there was a significant interaction of all spacings for grain yield and 100 grains weight (Table 4) . For plant height, only the 20 cm spacing was not significant, or has not changed the cultivar performance in the environments. Regarding the traits that significantly changed depending of the N rate × environment interaction (DXE interaction), all N rates contributed to the interaction, or significantly altered the cultivar performance in different environments (Table  5) . Note. *** (P < 0.001); ** (P < 0.01); * (P < 0.05); nsnon-significant; SV = Source of variation; DF = Degree of freedom; MS = Mean Square; GY = Grain Yield; W100G = 100 grains weight; H = Height; Env: Spa = Environments within the spacing. Note. *** (P < 0.001); ** (P < 0.01); * (P < 0.05); nsnon-significant; SV = Source of variation; DF =Degree of freedom MS = Mean Square; GY = Grain Yield; W100G = 100 grains weight; Env: Rate = Environment within the rate.
For grain yield, treatments 3, 5, 9, 10 and 11 contributed to interactions with the environment, i.e., cultivars subjected to these treatments had different performance in the environments (Table 6) . For other traits, just a few treatments have contributed to the interaction. Note. *** (P < 0.001); ** (P < 0.01); * (P < 0.05); nsnon-significant; SV = Source of variation; DF = Degree of freedom MS = Mean Square; GY = Grain Yield; %F = Percent of filled grains; W100G = 100 grains weight; Env: Treat = Environments within the treatments.
Discussion
According to Soares (2005) , nitrogen is the nutrient that most contributes to grain yield increase in rice. During the vegetative phase, N is important to increase the number of tillers and panicles.m -2
. In the reproductive phase, it increases the number of spikelets per panicle, and in the maturation phase, nitrogen is important to keep the green leaves for photosynthesis, increasing the percentage of filled grains.
In the present study, better results were obtained when a larger N rate was used, mainly the dose of 120 kg ha , regardless of the source of N used, which also supports the results obtained.
However, Fidelis et al. (2012) reported that of seven upland rice cultivars evaluated only one increased its grain yield with increasing N rate of 20 kg ha -1 to 120 kg ha -1
. Mauad et al. (2003) found that high nitrogen levels reduced grain yield, once it induces tillering and formation of new leaves, favoring the onset of diseases, lodging and drop in productivity. Thus, there is not a general recommendation for nitrogen fertilizer in rice, as the response in grain yield varies significantly depending on the cultivar, environmental conditions, water management and soil properties.
Although plant spacing, N rate and S × R interaction were not significant in some cases, when those two factors were considered together (Treatment effect), there was significant differences for all traits, as well as interaction with the environment (T × E interaction) (Table1). This result indicates that these factors should be considered together, as there are combinations of N rates and spacings that were superior to all traits.
Several studies have shown that the reduction of row spacing when compared to the common spacing used in rainfed system (50 cm) increased grain yield (Araújo et al., 2014; Carvalho et al., 2008; Guimarães & Pedra, 2003; Santos et al., 2002) . Modern cultivars of upland rice have lower size and erect and short leaves, which allowed the consolidation of cultivation lines, increasing the number of plants per area and, consequently, the grain yield.
jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 6; 2019 According to Fornasieri Filho and Fornasieri (1993) , rice grain yield is determined by number of panicles.m -2 , number of spikelet. panicles -1 , percentage of fertile spikelets and 100 grains weight. Although there was no significant effect of plant spacing and N rate for the 100 grains weight trait, it was observed treatments with best value for this trait, particularly involving larger spacings. Spacing of 20 cm resulted in low averages for the weight of 100 grain and percentage of full grain traits (Table 3) . Plant spacing and density has a direct effect on these components, making it possible to choose the best combination of these factors thus obtaining high grain yield.
The effect of nitrogen in plant height is often reported in the literature for different upland rice cultivars used in this study and considering different N rates and sources (Fidelis et al., 2012; Araújo et al., 2014; Hernandes et al., 2010; Lopes et al., 2013) . In all studies, increasing N rate led to an increase in plant height, and consequently the number of bedridden plants. This nutrient has a structural function and participates in metabolic processes influencing the expansion of leaf area and dry weight (Uhart & Andrade, 1995) . Thus, nitrogen stimulates plant growth, increases the number of stems and panicles per area (Farinelli et al., 2004) .
However, as well as grain yield, the effect of fertilizer with nitrogen in plant height is variable, depending on factors such as light, temperature and humidity, becoming important to evaluate the effect of these factors on cultivars of interest in each environment.
Compared to grain yield, there was less variation for plant height both for increasing N rate as for different plant spacings in the four environments (Table 3) . Analyzing both factors together, there was a subtle variation between treatments for Lavras 2012/2013 environment, but little variation for other environments. Thus, even if the height of plants has shown significant variation in environment averages, when analyzing the environments separately, it is noted little variation.
The small variation in averages for plant height in the environments indicates that the treatments did not significantly affect this trait in these locations. This is a very positive result because it allows the use of higher N rates and smaller spacings in order to increase grain yield without significantly interfering plant height, which could cause lodging and impair rice harvest.
According to Conab (2018) , the average grain yield of upland rice in Brazil is 2400 kg / ha. Treatment 7, with the best result, presented value almost twice higher than the average. This demonstrates that the use of modern cultivars, the adequate spacing and N dose can significantly increase grain yield in upland rice cultivation.
Conclusions
BRSMG Caravera modern rice cultivar showed higher grain yield when using the highest N rate (120 kg ha -1 ) and the smallest spacing between crop rows (20 cm), without compromising plant height.
It must be held together the analysis of factors once it allows combinations of N rates and higher spacings, as well as interaction with the environment.
Use of modern rice cultivars associated with technology and proper conduct can increase grain yield and competitiveness of upland rice cultivation, in the state of Minas Gerais, Brazil.
